We are developing a brain-machine interface (BMI) called "RatCar," a small vehicle controlled by the neural signals of a rat's brain. Among the various BMI systems, a unique aspect of ours is that a rat occupies in the vehicle and these two components move around as a single unit. The rat is, therefore, provided with somatosensory and visual feedback as the vehicle moves in an environment simulating free movement. This paper contains a description of methods for estimating the rat's locomotion and the results which appear promising to control the vehicle. Figure 1 is a system diagram of the RatCar system. An unconfined adult rat with a set of bundled neural electrodes (Fig. 1) in the brain rides on the vehicle. Each bundle consists of four tungsten wires (φ50µm) isolated with parylene polymer. These bundles were implanted in the primary motor and premotor cortices in both hemispheres of the brain.
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Neural signals were recorded as the rat moved in a straight line and as it changed direction in a curve. Spike-like waveforms were then detected and classified into several clusters to calculate a firing rate for each neuron. The actual locomotion velocity and directional changes of the rat were recorded concurrently. Finally, the locomotion states were correlated with the neural firing rates using a simple linear model. In this model, we assumed that the locomotion states were represented as a weighted summation of neural firing rates, and the weight parameters were determined by minimizing root square errors of the model output.
As a result, the abstract estimation of the locomotion velocity and directional changes were achieved ( Fig. 2, 3 ). 
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We are developing a brain-machine interface (BMI) called "RatCar," a small vehicle controlled by the neural signals of a rat's brain. An unconfined adult rat with a set of bundled neural electrodes in the brain rides on the vehicle. Each bundle consists of four tungsten wires isolated with parylene polymer. These bundles were implanted in the primary motor and premotor cortices in both hemispheres of the brain. In this paper, methods and results for estimating locomotion speed and directional changes are described. Neural signals were recorded as the rat moved in a straight line and as it changed direction in a curve. Spike-like waveforms were then detected and classified into several clusters to calculate a firing rate for each neuron. The actual locomotion velocity and directional changes of the rat were recorded concurrently. Finally, the locomotion states were correlated with the neural firing rates using a simple linear model. As a result, the abstract estimation of the locomotion velocity and directional changes were achieved.
Keywords: brain-machine interface, chronic neural recording, motor cortex, Wistar rat
1.

Brain-Machine Interface (BMI) RatCar BMI 1990
(1) GMM EM (7) 3. 
